Ring-shaped phosphinoamido-magnesium-hydride complexes : syntheses, structures, reactivity, and catalysis by Fohlmeister, Lea & Stasch, Andreas
 1 




Lea Fohlmeister and Andreas Stasch*[a] 
 
Dedicated to Prof. Herbert W. Roesky on the occasion of his 80th birthday 
 
 
[a] School of Chemistry, Monash University, 17 Rainforest Walk, Melbourne, Victoria 3800, 
Australia. Email: Andreas.Stasch@monash.edu 
Supporting information including the Experimental Section, NMR spectroscopic and X-ray 





A series of magnesium(II) complexes bearing the sterically demanding phosphinoamide ligand, L- = 
Ph2PNDip
-, Dip = 2,6-diisopropylphenyl, including heteroleptic magnesium alkyl and hydride 
complexes are described. The ligand geometry enforces various novel ring and cluster geometries 
for the heteroleptic compounds. We have studied the stoichiometric reactivity of [(LMgH)4] 
towards unsaturated substrates, and investigated catalytic hydroborations and hydrosilylations of 
ketones and pyridines. We found that hydroborations f two ketones using pinacolborane with 
various Mg precatalysts is very rapid at room temperature with very low catalyst loadings, and 
ketone hydrosilylation using phenylsilane is rapid at 70°C. Our studies point to an insertion/σ-bond 






Metal hydrides and their complexes play a fundamental role in many applications including as 
hydride sources in synthesis and catalysis, and for hyd ogen storage technologies.[1] Of the binary 
hydrogen compounds of the chemical elements, s-block metal hydrides are unique due to the highly 
electropositive nature of the Alkali and Alkaline Earth metals, and their electronegativity difference 
to hydrogen. Thus, these metal hydrides are generally cl ssified as ionic or saline.[2,3] The s-block is 
furthermore home to highly earth abundant, non-toxic and even biocompatible metals such as Na, 
K, Mg and Ca, that offer a range of properties for future sustainable chemical applications.[4] A 
range of well-defined s-block metal hydride complexes have been reported in very recent years and 
these have already been successfully used in stoichiometric and catalytic transformations, and the 
hydrogen storage properties of some examples have been investigated.[2,3] The recent success in this 
area can be attributed to both the development of suitable synthetic strategies to generate s-block 
metal hydride fragments, and the design and use of stabilising ligand systems that prevent 
dismutation and other decomposition reactions of the formed complexes that can lead to the 
precipitation of insoluble saline metal hydrides. Generally, the ionic and flexible metal-ligand 
interactions in s-block metal coordination chemistry require ligand systems that suppress 
dismutation equilibria, for example, by employing chelating, bridging, and/or sterically demanding 
ligands.[2,3] 
 The majority of well-defined s-block metal hydride complexes has been prepared with 
magnesium, and these encompass complexes with sterically demanding β-diketiminates,[5] mixed s-
block amido species,[6] and a variety of other carbon-, nitrogen- or oxygen-based ligand species,[7,8] 
as well as a few examples of related calcium hydride complexes.[9] They have been accessed either 
via hydride metathesis using magnesium alkyl or amido fragments with main group element 
hydride species (such as silanes, boranes or alanes), by β-hydrogen elimination, or via 
hydrogenation of dimeric magnesium(I) compounds with cyclohexadiene or alane complexes. The 
newly formed complexes show both interesting stoichi metric and catalytic reactivity.[2,10-13] For 
several catalytic applications, the active magnesium hydride catalyst was conveniently generated in-
situ from stoichiometric hydride sources such as boranes d silanes.[2,10,11] 
 We have previously employed the simple, sterically demanding phosphinoamide ligand 
Ph2PNDip
- (Dip = 2,6-diisopropylphenyl), L-, to obtain the well-defined and hydrocarbon-soluble 
lithium hydride complex [(LLi)4(LiH)4] and studied its properties and reactivity.
[14] Herein we 
report the extension to magnesium hydride complexes with this ligand. We reasoned that the 
orientation of the donor atoms of the phosphinoamide ligand,[14,15] which typically favours bridging 
coordination modes, is similar to what we found for py azolate ligands,[16] and could favour the 
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formation of unprecedented cluster or ring complexes that potentially liberate reactive LMgH 
fragments for unusual stoichiometric and catalytic reactivity. In addition, the inclusion of the NMR-
active phosphorus centre in the ligand system should allow further insights into the reactivity of the 
newly formed compounds. 
 
Results and Discussion 
 
Synthesis 
To access suitable precursor molecules to phosphinoamido magnesium hydride complexes, we 
studied the reaction of the sterically demanding phos inoamine[15] DipNHPPh2, LH,
[14b] with 
commercially available di-n butyl magnesium in hydrocarbon solvents. The reaction of LH with 
Mg(nBu)2 in a 2:1 molar ratio afforded one main product according to 
1H and 31P{1H} NMR 
spectroscopic studies. A good yield of the new complex [(L2Mg)2] 1 was isolated and the molecular 
structure of the complex was structurally characterised, see scheme 1 and Figure 1. The 1:1 molar 
reaction of LH with Mg(nBu)2 on the other hand afforded a product mixture with a main species 
showing 1H NMR spectroscopic resonances that suggest one Mg-bound nBu group per three 
phosphinoamide ligands, and a doublet and a triplet in the 31P{1H} NMR spectrum suggesting 
different phosphinoamido ligand environments in a 2:1 ratio that couple with each other. Work-up 
afforded the expected complex [L3Mg2(nBu)] 2 in a moderate isolated yield, that could be 
structurally characterised, see scheme 1 and Figure 1. From reactions with the 1:1 molar ratio, we 
furthermore obtained colourless crystals of the unus al magnesium ethyl complex [{(LMgEt)2]6] 3, 
see Figure 1, in very low yield in one instance. Previous studies have shown that commercially 
available Mg(nBu)2 can contain other organic substituents such as ethyl groups, and even 
significant quantities of aluminium.[17] 
 
 please insert Scheme 1 here 
 
The homoleptic complex [(L2Mg)2] 1 crystallises with half a molecule in the asymmetric unit. Each 
Mg centre is in a planar, three-coordinate environme t binding to one terminal κ1-N 
phosphinoamide and to one P and N donor atom, respectively, of two µ-κ2-P,N phosphinoamides. 
In [L3Mg2(nBu)] 2·1.5 C5H12, Mg1 and Mg2 are bridged by two phosphinoamides with N,N'-
coordination to Mg1 and P,P' coordination to Mg2 and a bridging nBu group. Mg2 is additionally 
coordinated by a terminal phosphinoamide ligand. In the solid state, Mg1 shows further short 
contacts to hydrogen atoms of one isopropyl group (shortest contact: Mg1···H40A of ca. 2.2 Å). 
Complex [{(LMgEt)2]6] 3·7 C6H14, crystallised in the trigonal crystal system and is a large ring 
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system formed by six (LMgEt)2 subunits. In the latter, an Mg2 unit is bridged by two 
phosphinoamides and one ethyl group in a way that each Mg atom is P,N,C-coordinated. In 
addition, Mg2 binds to the carbon atom of a "terminal" ethyl group that is coordinated via short 
Mg···H contacts to the Mg1' centre of the next Mg2 subunit, forming the connective backbone of 
the (Mg···Mg–CH2···)6 ring system. It seems that the larger butyl group does not support a stable 
compound in the desired 1:1 phosphinoamide:butyl stoichiometry and forms [L3Mg2(nBu)] 2 
instead, but the smaller ethyl group in [{(LMgEt)2]6] 3 does allow this composition. Furthermore, 
compounds 1-3 show that the preferred coordination mode of phospinoamide ligands between two 
Mg centres under the given conditions (e.g. non-coordinating solvents) is a cis-like µ-κ2-P,N 
coordination bridge, though terminal κ1-N coordination is observed as well. 
 In deuterated benzene solution, the homoleptic complex [(L2Mg)2] 1 only shows one doublet 
and one septet for the protons of the isopropyl groups in its 1H NMR spectrum and one singlet in its 
31P{1H} NMR spectrum (56.4 ppm) supporting fast ligand exchange under these conditions, which 
can be expected for highly fluxional ionic s-block metal ion-ligand interactions. In deuterated THF, 
the compound shows two broad methyl and one broad methine resonances at room temperature that 
resolve to one broad methyl resonance and a sharp methine septet at 60°C in its 1H NMR spectra 
(Figure S2-3). Complex [L3Mg2(nBu)] 2 shows broadened and overlapping resonances for the 
isopropyl groups in its 1H NMR spectrum recorded in deuterated benzene, and a oublet 
(δ 29.8 ppm) and triplet (δ 42.7 ppm) in its 31P{1H} NMR spectrum with a JP-P coupling of 30.8 Hz. 
This supports the retention of the overall solid state connectivity of [L3Mg2(nBu)] 2 in solution, 
with two different phosphinoamide ligands in a ratio of 2:1. 
 
 please insert Figure 1 here 
 
Because no convenient stable [{LMg(nBu)}n] complex was formed as a precursor to desired 
[{LMgH} n] complexes, we treated 1:1 mixtures of LH and Mg(nBu)2 in n-hexane/heptane with 
phenylsilane under reflux or at 60°C for 16 h. These experiments afforded the structurally 
characterised mixed alkyl hydride complex [{L2Mg2(nBu)H}2] 4 in good isolated yield, see 
scheme 1 and Figure 2. The 1:1 reactions of LH and Mg(nBu)2 in toluene or deuterated benzene 
with phenylsilane at 70°C for 16 h afforded the tetrameric magnesium hydride complex [(LMgH)4] 
5, see scheme 1 and Figure 2. Solution NMR studies show an almost quantitative conversion to 5, 
and larger scale experiments afforded the isolated complex in moderate to good yield. In addition, 
the hexameric complex [(LMgH)6] 6 could be structurally characterised from benzene in one case 
as a low yield by-product, see Figure 2. Similarly, elated experiments with more than one molar 
equivalent of Mg(nBu)2 per LH in various stoichiometries, followed by phenylsilane treatment at 
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elevated temperatures, also yielded [(LMgH)4] 5 as the main product as judged by NMR 
spectroscopy and from lower isolated yields of 5 from these studies. Furthermore, isolated complex 
[{L 2Mg2(nBu)H}2] 4 can be converted to [(LMgH)4] 5 with phenylsilane at 80°C in benzene or 
toluene for 16 h in good yield producing the expected silane PhSiH2(nBu) as a by-product. We 
conducted similar experiments of isolated 2 with phenylsilane at 60°C for 16 h and found that 
[(LMgH)4] 5 is also generated alongside PhSiH2(nBu) and a new Si- and P-containing compound, 
PhSiH2(L) 7, as judged by multinuclear NMR spectroscopy.
[18] We then investigated the same 
reaction of phenylsilane with isolated [(L2Mg)2] 1 at 70°C in deuterated benzene and found that 
significant quantities of [(LMgH)4] 5 alongside PhSiH2(L) 7 are formed. After 30 h at 70°C, the 
reaction mixture shows only LSiH2Ph 7 and [(LMgH)4] 5 in a ratio of ca. 5:1. This observation is 
further evidence that magnesium hydride species can be generated from simple homoleptic 
magnesium(II) complexes and main group hydride sources, that can be responsible for 
stoichiometric or catalytic reactivity of these systems. 
 The mixed alkyl hydride complex [{L2Mg2(nBu)H}2] 4·C6H14 crystallised with half a 
molecule in the asymmetric unit. In 4, the four Mg atoms are in one plane and form a parllelogram 
that is similar to a distorted diamond. The four side  of the parallelogram are bridged by µ-κ2-P,N-
coordinated phosphinoamides with alternating N,P and P,N arrangement. The Mg centre (Mg1) on 
the acute corner of the parallelogram is N,N' coordinated by two bridging phosphinoamides and the 
Mg centre (Mg2) on the obtuse corner of the parallelogram is P,P' coordinated by two 
phosphinoamides. The two phosphinoamides (P1) that bridge the longer edges of the parallelogram 
lie in the Mg4 plane, whereas the other two phosphinoamide ligands (P2) are located above and 
below the Mg4 plane (c.f. the NMR discussion). The two n-butyl groups sit above and below the 
plane directly on the two edges of the shortest parallelogram sides which consequently have the 
shortest Mg1···Mg2 distances. The two hydride ligands form µ3-bridges over Mg1,Mg2,Mg2' 
triangles on opposite sides of the Mg4 plane that are not occupied by nBu groups. The molecular 
structures of the hydride complexes [(LMgH)4] 5 and [(LMgH)6] 6 have many similar geometrical 
features. The Mg atoms for both compounds lie in one plane, respectively, and form a distorted 
square in 5 and a perfect hexagon in 6. Phosphinoamide ligands bridge two Mg centres on the 
outside of each edge and alternatingly lie above or below the respective Mgn (n = 4 or 6) plane. The 
phosphinoamides are arranged around the (MgH)n core in a symmetrical, head-to-tail like fashion. 
Hydride ligands bridge between two Mg atoms and again alternate above and below the Mgn plane 
and are each opposite of bridging phosphinoamide positions. The hydride ligands in 5 sit directly 
above or below the edges of the distorted Mg4 square, while those in 6 point somewhat towards the 
centre of the hexagon. Complex 5 is relatively symmetric showing approximate nearest contacts of 
Mg-N (2.0 Å), Mg-P (2.6 Å), Mg-H (1.8 Å) and Mg···Mg (3.0 Å). The symmetric hexameric 
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species 6 shows very similar bond lengths compared with 5, albeit slightly larger Mg···Mg 
separations and longer apparent Mg-H bonds. 
 
 please insert Figure 2 here 
 
Dissolving crystalline [{L2Mg2(nBu)H}2] 4 in deuterated benzene repeatedly lead to overlapping 
NMR resonances for two compounds in an approximate 1:1 ratio, see Figure S10-11. We assigned 
two broad doublets (δ 28.9 and 32.0 ppm, JP-P ≈ 119 Hz) in the 
31P{1H} NMR spectrum with 
additional unresolved smaller coupling and a signifcant roof effect, to the isomer (4A) resembling 
the solid state structure with head/head and tail/tail (P,N;N,P;P,N etc) orientation of the 
phosphinoamide ligands. This isomer is the more dominant species immediately after dissolving 
crystals of 4. The other isomer (4B) shows two sharp doublets of doublets (δ 27.2 and 38.1, JP-P ≈ 
20 and 6 Hz) in the 31P{1H} NMR spectrum that we believe could result from an isomer with 
alternating P,N-orientation of the phosphinoamide ligands, and not a different oligomeric form of 
L2Mg2H(nBu). A DOSY NMR experiment on this isomer mixture was not conclusive; however, it 
did point to two molecules of similar shape or size for 4A and 4B. New species are formed when 
the mixture is allowed to stand in solution at room temperature. Heating the solution of both 
isomers to 80°C and consecutive cooling leads to a mixture of compounds (see Figure S12-13), 
including small quantities of 5, that we could in one instance characterise crystallogr phically from 
these mixtures. The non-equivalence of two different phosphinoamide ligands in 4A becomes 
apparent, when the crystal structure of 4 is examined. The two phosphinoamide ligands (P1) within 
the Mg4 plane that bridge a larger edge of the Mg4 parallelogram are different to the other two 
phosphinoamide ligands (P2) which bridge the smaller rhombus edge out of the plane and are 
affected by n-butyl coordination on the opposite side of the plane. An equivalence on the NMR time 
scale for the two different phosphinoamide environme ts would mainly require migration of the 
bridging n-butyl group. The MgH units of both isomers resonate s multiplets centred around 
6.07 ppm (4A) and 5.55 ppm (4B) in an 1H NMR spectrum (Figure S10), or as respective singlets in 
an 1H{ 31P} NMR spectrum. Solution NMR spectra of [(LMgH)4] 5 show four doublets and two 
septets for the protons of the isopropyl groups ando e singlet (δ 25 ppm) in its 31P{1H} NMR 
spectrum which is in accordance with the essentially symmetrical phosphinoamide environments in 
the solid state structure. The MgH resonance is found as a very broad doublet-like multiplet (J ≈ 
54 Hz) that resolves to a sharp singlet at δ 5.14 ppm in its 1H{ 31P} NMR spectrum (see Figure S17-
18). Dissolving crystalline samples of 4 and 5 in the donor solvent THF-d8, respectively, show the 
formation of product mixtures with essentially the same phosphinoamide containing compounds in 
different ratios (Figure S15-16, S21-22). The 31P NMR spectra for both compounds show 
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significant quantities of [(L2Mg)2] 1 formed in solution (a singlet at δ 43.9 to 44.0 ppm, compare 
with Figure S5), especially for the spectrum of 5 (Figure S22). A broad resonance at 2.89 ppm in 
the 1H NMR spectra of both 4 and 5 likely accounts for a large proportion of the MgH resonances. 
These observations support Schlenk-type equilibria of heteroleptic complexes such as 5 in inert 
donor solvents and suggest the formation of [MgH2(T F)n] or other hydride-rich species by 
implication. 
 Upon treatment of 5 with four equivalents of the chelating amine ligand PMDETA 
(N,N,N',N'',N''-pentamethyldiethylenetriamine), only one PMDETA ligand is coordinating to one 
Mg centre in a dinuclear complex with bridging hydride ligands, see Figure 2, affording 
[(L2MgH2Mg(PMDETA)] 8 in good yield. Complex 8 is the main isolated product from reactions 
of varying stoichiometry and as suggested by NMR experiments. In the molecular structure of 8, 
Mg2 is six-coordinate binding to the chelating PMDETA ligand (N,N',N''-κ3-bound), two hydrides 
and only to one P atom of one phosphinoamide ligand. Mg1 is four-coordinate and is connected to 
two N-bound phosphinoamides and two hydride ligands. It appears that the chelating PMDETA 
ligand causes the loss of the sterically demanding DipN-coordination, but retains coordination to the 
small and hard hydride ligands. In solution, complex 8 shows broadened resonances at room 
temperature. At 65°C only one septet for the protons f the isopropyl methine groups can be found 
in its 1H NMR spectrum, and one broad resonance (46.3 ppm) is present in its 31P NMR spectrum 
between 25 and 65°C, indicating fluxional ligand behaviour. The MgH resonance is found as one 
broad triplet (JH-P = 7.7 Hz) in its 
1H NMR spectrum, or a singlet in its 1H{ 31P} NMR spectrum at 
4.09 ppm, suggesting solution-averaged interactions with two phosphinoamide ligands of the same 
environment. 
 Solution studies on 4 and 5 in THF-d8 as well as complexation of 5 with PMDETA to yield 
[(L2MgH2Mg(PMDETA)] 8 highlight some of the complexities of heteroleptic coordination 
compounds of both ionic metal ions and bridging ligands with multiple possible coordination 
modes. The PMDETA coordination from 5 to 8 may shed light onto ligand redistributions when 
additional donor groups are available and may be rel vant to understand substrate coordination 
containing donor atoms before a possible hydride transfer can take place. In complex 8, both 
"[(PMDETA)MgH2]" and "[L2Mg]" appear to be preformed, held together by the bridging hydride 
ligands. Equilibria between various species including Schlenk-like equilibria, and species with 
various phosphinoamide coordination modes have to be considered and many species are expected 
to have similar energies and can likely convert with small activation energy barriers between them. 
These observations are important when studying and understanding the stoichiometric and catalytic 




We studied the reaction of [(LMgH)4] 5 towards several unsaturated organic substrates. No reaction 
was observed with the alkene 1,1-diphenylethene, diphenylfulvene and diphenylacetylene, 
respectively in deuterated benzene. 
 
 please insert Scheme 2 here 
 
The reaction of [(LMgH)4] 5 with 1-adamantyl azide (AdN3) is surprisingly clean in several 
stoichiometric ratios as judged by in-situ 1H and 31P{1H} NMR spectroscopic studies, and the 
phosphazide complex [L2 '2Mg4H4] 9 (L' = DipNP(N3Ad)Ph2) was obtained in low to moderate 
crystallised yield, see scheme 2 and Figure 3. In this complex, the hydride moieties did not react 
with the organic azide, as was previously found for a β-diketiminate MgH system,[11f] but instead 
converted two phosphinoamide ligands to anionic iminophosphorano phosphazide ligands 
(L'-).[19,20] We have previously found that the phosphinoamide lgand L- can undergo addition 
reactions to several unsaturated substrates.[14a,20] The overall geometry of the (MgH)4
4+ core in 9 is 
not significantly affected by this reaction compared with 5, but the supporting ligand environment 
around each Mg centre has changed. This leads to three ypes of differently coordinated Mg centres 
(Figure 3). Mg1 is coordinated by two chelating L'-phosphazide units, Mg2 and Mg4 are each 
coordinate by an L'-iminophosphorane N atom and phos inoamide P atom. Consequently, Mg3 is 
coordinated by two phosphinoamide N atoms. All Mg centres are still further bonding to two 
bridging hydride ligands. Mg1 is six-coordinate and Mg2-4 are each four-coordinate. In solution, 
[L2L'2Mg4H4] 9 shows two doublets with a small coupling constant (J = 2.4 Hz) in its 
31P{1H} 
NMR spectrum. The resonance at 32.1 ppm is assigned to the phosphazide centre and the one at 
33.7 ppm to the phosphinoamide ligands. The chemical shifts for these resonances are surprisingly 
similar, considering the different phosphinoamide (PIII) and iminophosphorano phosphazide (PV) 
environments, which normally resonate further apart. The 1H NMR spectrum shows eight doublets 
and four septets for the isopropyl groups that are p rtially overlapping and support the retention of 
the overall solid state structure in solution. The hydride ligands resonate as two multiplets centred 
around δ 4.58 and 5.16 ppm which both couple with the 31P centres and each other. This was 
demonstrated in a 1H,1H COSY NMR spectroscopy experiment (Figure S29) and by the fact that 
some coupling remains in a 1H{ 31P} NMR spectrum (Figure S28). In the latter, the resonances 
appear as broad doublet-like multiplets (J ≈ 8 Hz). Similar couplings between non-equivalant MgH 




 please insert Figure 3 here 
 
Reactions of magnesium hydride complexes towards pyridines have previously been reported and 
include both coordination to form a monomeric species with terminal MgH bond,[5g] as well as 
several examples of pyridine hydromagnesiation products.[5c,7a,d,8b,12] The reaction of [(LMgH)4] 5 
with four equivalents of DMAP (4-dimethylaminopyridine) mainly led to the formation of the 
bis(phosphinoamido) complex [L2Mg(dmap)2] 10, scheme 4, and likely MgH reaction products. 
Complex 10 shows expected spectroscopic features with broadened resonances for the protons of 
the phosphinoamido ligands and a singlet at 44.9 ppm in its 31P{1H} NMR spectrum. A crystal 
structure determination of [L2Mg(dmap)2]·2 C7H8, 10·2 C7H8, shows the expected connectivity and 
distorted tetrahedral magnesium geometry, but the data quality was too poor to be reported here (see 
the ESI for an image, Figure S54). The reaction of [(LMgH)4] 5 with 12 equivalents of pyridine 
(Py) or DMAP (4-dimethylaminopyridine) cleanly led to the 1,2-hydromagnesiation products 
[LMg(py)2(1,2-dhp)] 11 (1,2-dhp = 1,2-dihydropyridide) and [LMg(dmap)2(1,2-dadhp)] 12 (1,2-
dadhp = 4-dimethylamino-1,2-dihydropyridide), respectively, see scheme 4. The latter complex 12 
was structurally characterised, see Figure 4. Heating o 60°C for 15 h lead to the clean 
rearrangement of [LMg(py)2(1,2-dhp)] 11 to the 1,4-dihydropyridide derivative [LMg(py)2(1,4-
dhp)] 13, scheme 4. An analogous rearrangement is not possible for [LMg(dmap)2(1,2-dadhp)] 12 
under these conditions; a similar observation has previously been noted for other group 2 metal 
hydride systems.[12,13a] The molecular structure of [LMg(dmap)2(1,2-dadhp)] 12, Figure 4, shows a 
distorted tetrahedrally coordinated Mg2+ ion, which binds to a terminal κ1-N phosphinoamide 
ligand, a 4-dimethylamino-1,2-dihydropyridide ligand from formal 1,2-addition of a MgH unit onto 
the DMAP pyridine ring, and two neutral, coordinatig DMAP molecules. The shorter Mg-N 
distance of the dihydropyridide ligand compared with those of the neutral DMAP ligands, the C-C 
and C-N distances within the hydromagnesiated ring system, and the deviation from planarity of the 
CH2 unit in question support the formulation as the 1,2-dihydropyridide product. NMR 
spectroscopic studies also support the clean 1,2 addition reaction to form complexes 11 and 12, and 
the thermal conversion of 11 to 13. Complex 11 shows a doublet (JH-H = 4.0 Hz) at δ 4.26 ppm for 
the two hydrogen atoms of the 1,2-dihydropyridide unit in its 1H NMR spectrum that converts to a 
centred multiplet for the two hydrogen atoms of the 1,4-dihydropyridide ligand at δ 4.03 ppm, see 
Figure S35 and S41. 
 
 please insert Scheme 3 here 
 please insert Figure 4 here 
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We were also interested in the stoichiometric reactivity of non-enolisable ketones with [(LMgH)4] 
5. Previously, group 2 metal hydride complexes have be n reported to undergo reductions of 
ketones,[8a,c,d,f-i,11e,13d-e] including older reports of less well-defined MgH-species. The reaction of 
four equivalents of 2-adamantanone (2-AdO) with [(LMgH)4] 5 mainly yielded the 
hydromagnesiated complex [(L2Mg2(2-AdOH)2(2-AdO)] 14, see Figure 5. The complex was 
structurally characterised, but because the overall qua ity was poor, only an image is presented in 
the ESI (see Figure S55). The isolated product contains one hydrometallated ketone per magnesium 
centre plus one coordinating ketone per Mg2 unit. Repeating the reaction of 5 with six equivalents 
of 2-adamantanone showed that essentially one product (14) was formed, which was isolated in 
moderate crystallised yield. Complex 14 contains two Mg2+ cations that are bridged by two 2-
adamantanolate ligands from hydromagnesiation of 2-adamantanone, and further bridged by a κ2-
P,N phosphinoamide ligand. In addition, one terminal κ1-N phosphinoamide coordinates to one Mg 
centre and the other Mg centre is coordinated by one neutral 2-adamantanone molecule. In 
deuterated benzene solution at room temperature, two very broad resonances (δ 32 and 42 ppm) are 
found in the 31P NMR spectrum of 14 for the two phosphinoamide ligands. At elevated 
temperatures, these merge to one broad resonance (δ 37.8 ppm at 65°C) and, accordingly, one septet 
and one doublet are found for the isopropyl groups of the phosphinoamide ligands in the 1H NMR 
spectrum of 14 at this temperature (see Figure S45), showing fluxional ligand exchange processes 
under these conditions. 
 
Catalytic Reactivity 
Considering the recent success of employing alkaline earth metal hydride complexes as 
(pre-) catalysts for the hydroboration or hydrosilylation of unsaturated molecules,[10] we wanted to 
investigate the applicability of complex [(LMgH)4] 5 in similar catalytic conversions. We reasoned 
that complexes such as 5, stabilised by a ligand that favours bridging and terminal coordination 
modes, can deliver open and reactive "LMgH" fragments and potentially act as a highly active 
(pre-) catalyst for these reactions. 
 
Hydroboration and hydrosilylation of ketones 
Since Mg-catalysed hydroborations of aldehydes and ketones with pinacolborane (HBPin) have 
previously been reported,[10,11d,21] and considering the rapid hydromagnesiation of 2-adamantanone 
(2-AdO) with 5 to yield 14, we chose 2-adamantanone and benzophenone as simple and symmetric 
substrates, because various side-reactions (enolisati n nd deprotonation, aldolcondensation) are 
unlikely or impossible, and to keep the identification of products and intermediates simple for this 
study. Remarkably, we found that reactions of either ketone with 1.2 equivalents of HBPin in C6D6 
 11 
at room temperature were complete in under 7 minutes after addition of the magnesium hydride 
cluster 5 (0.5 mol-% of tetramer, 2.0 mol-% Mg). The catalyst loading for reactions of HBPin with 
2-AdO could even be reduced to 0.05 mol-% (0.2 mol-% Mg) without suffering any loss of activity, 
while the hydroboration yield for Ph2CO dropped slightly to 88% over 15 minutes when the catalyst 
loading was decreased to 0.05 mol-% (see Table 1, entries 1-3). These two cases correspond to 
turnover frequencies (TOFs) of > 4,243 h-1 and 1,760 h-1 per Mg centre, respectively (or > 16,970 h-
1 and 7,040 h- per molecule 5), which is remarkable even for transition metal catalysed 
hydroborations of ketones.[10d] We also tested derivatives of 5 described above. The PMDETA 
adduct [(L2MgH2Mg(PMDETA)] 8 performed as well as 5 for the hydroboration of 
2-adamantanone, entry 4, with rapid and complete conversion at room temperature at low catalyst 
loading despite only having two Mg and hydride centr s (TOF: > 8,486 h-1 per Mg or > 16,970 h-1 
per molecule). This suggests that the possible lower (pre-) catalyst loading limit of 5 or 8 for this 
specific reaction could even be further reduced, thoug  it becomes increasingly difficult to 
accurately perform this with small scale reactions a d avoid partial compound decomposition. The 
performance of the phosphinoamide/phosphazide complex [L2L'2Mg4H4] 9 on the other hand is 
significantly poorer. 50% conversion was observed after 60 min, 84% conversion after 130 minutes, 
entry 5, and this system was not further explored. We also tested the homoleptic phosphinoamide 
complex [(L2Mg)2] 1, vide infra for the discussion, and found that it performed equally well as our 
best results, entry 6. 
 
 please insert Table 1 here 
 
After successful hydroboration, the 1H NMR spectra of the reaction mixtures showed new 
resonances at ca. 4.44 ppm (2-AdO) or 6.44 ppm (Ph2CO), respectively, consistent with the 
presence of a proton on the former carbonyl carbon at m. Singlets at 1.08 ppm (2-AdO) or 0.98 
ppm (Ph2CO), which integrated to 12 H and were slightly shifted in comparison to the HBPin 
starting material, were also observed and assigned to the twelve methyl protons of the resulting 
borate esters, (2-Ad(H)O)BPin or (Ph2C(H)O)BPin. The presence of these products was further 
confirmed by 11B NMR spectroscopy.[12d,22] 
 Encouraged by these promising results, we investigated catalytic reductions of these ketones 
by a silane as the hydride source.[23] To the best of our knowledge, only one example of a 
magnesium-catalysed hydrosilylation has been reportd to date, which is the 1,4-addition of 
Ph2SiH2 to α,β-unsaturated esters in the presence of a sterically demanding magnesium 
hydridoborate.[24] Thus, we attempted the hydrosilylation of our previous two substrates with 
PhSiH3 in varying stoichiometries in the presence of catalytic amounts of [(LMgH)4] 5. Initial 
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studies revealed that treatment of benzophenone with phenylsilane in C6D6 at 70°C with 1.5 mol-% 
of compound 5 produces the dialkoxysilane, Ph(H)Si(OCHPh2)2, as the major product, which was 
also observed for hydrosilylations of ketones with a calcium hydride catalyst.[13d] The silane/ketone 
ratio was therefore chosen to be approx. 1:2 for all future reactions (Table 1, entries 7-10). After 24 
hours at room temperature, only very small amounts of the dialkoxysilane were present as judged 
by 1H NMR spectroscopy. The spectrum mainly showed unreacted PhSiH3 and Ph2CO. Heating 
accelerated the hydrosilylation significantly, after 22h at 50°C more than 50% of the ketone had 
been transformed into the alkoxide. Increasing the temperature to 70°C produced 73% conversion 
after 24 hours and 93% conversion after 50 hours (Table 1, entry 8). On the other hand, 
hydrosilylation of 2-adamantanone with PhSiH3 proceeded much more rapidly than the 
hydrosilylation of benzophenone under similar conditions. After 15 min at 70°C with 1.5 mol-% of 
5, more than 99% of 2-AdO had been transformed into 2-adamantanolate (Table 1, entry 7) and the 
same could be achieved using complex 8 (entry 9). Here, the product ratios were approximately 
70% R’2Si(H)Ph (R' = 2-adamantanolate) versus 30% R’3SiPh using complex 5 (entry 7) and a ratio 
of ca. 88:12% for the respective reaction with catalyst 8 (entry 9). This ratio changes quickly 
towards R’3SiPh with continued heating. Because no further keton  conversion was possible, this 
points to a dismutation reaction from R’2Si(H)Ph to R’3SiPh. The preferred product in these latter 
conversions (R’3SiPh) is the trialkoxysilane, as opposed to the dialkoxysilane when benzophenone 
is used as the ketone. Catalytic reduction of 2-adamantanone was not observed with 5 and 
diphenylsilane as the hydride source (entry 11). Once again, investigating complex [(L2Mg)2] 1 in 
this reaction, entry 10, shows that it performs as well as the best magnesium hydride compounds 
tested by us. Complexes 1 and 8 achieved a turnover frequency of 132 h-1 per Mg centre, or 264 h-1 
per molecule. 
 We noticed throughout experiments involving magnesium hydride 5, that all characteristic 
NMR spectroscopic resonances of the magnesium hydride compound had disappeared during or by 
the end of the catalysis, especially when the samples were heated. Instead, these provided new sharp 
1H NMR resonances assigned to the compounds LBPin 15 (31P{1H} NMR: 58.8 ppm, 11B{ 1H} 
NMR: 25.1 ppm), or PhSiH2L 7 (
31P{1H} NMR: 61.7 ppm), respectively, as the L-containing 
products. Merely in the fastest hydroboration reactions with catalyst loadings ≥ 2.5 mol-% was 
cluster 5 still identified a few minutes after full conversion of the substrate into the alkoxide, though 
in much lower concentrations than at the start. Under catalytic conditions, complex 5 is transformed 
to the phosphinoamide-containing borane, LBPin 15, or silane, PhSiH2L 7, and presumambly, 
soluble and catalytically active magnesium hydride sp cies. The presence of low concentrations of 
5 in isolated cases where high catalyst loadings are used can be explained by the fast conversion 
and the fact that not all of compound 5 needs to act as the (pre-) catalyst. 
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Hydroboration and hydrosilylation of pyridine  
In light of the successful stoichiometric reactivity of [(LMgH)4] 5 with pyridines (Scheme 3) and 
previously reported magnesium hydride complexes,[5c,7a,d,8b,12] we studied the respective catalytic 
hydroboration and hydrosilylation of pyridine using 5. Equimolar amounts of pyridine and HBPin 
were treated with 2.5 mol-% of 5 (10 mol-% Mg) in deuterated benzene and complex 5 is, as 
expected, immediately consumed. The catalytic hydroboration of pyridine is possible at elevated 
temperatures, though is slow and incomplete. After 48 hours at 70°C, 32% of total dihydropyridide 
products, PinBdhp (dhp = dihydropyridide) have been formed, with 87.5% being the 1,4-
dihydropyridide (1,4-dhp) versus 12.5% of 1,2-dihydropyridide (1,2-dhp). Modification of the 
reaction temperature to 80°C gives 35% conversion after 24 hours (89% 1,4-dhp : 11% 1,2-dhp) 
and 58% conversion after 96 hours (93% 1,4-dhp : 7% 1,2-dhp). Increasing the catalyst loading to 
5 mol-% of 5 results in slightly higher yields of hydroborated pyridine (53.5% after 37 hours at 
70°C). Full conversion of pyridine into PinBdhp is not achieved because pinacolborane slowly 
decomposes to B2(Pin)3 during the course of this reaction,
[11d,12] which could be isolated from one of 
the catalysis experiments as a crystalline product. In addition, the 11B NMR spectra taken after 
heating the reaction mixture at 70 or 80°C for at least 15 hours show a broad peak at ca. 22 ppm 
that was attributed to B2Pin3 and a quartet at -11 ppm for py·BH3. Both of these peaks increase in 
intensity with prolonged heating of the samples, indicating the continued decomposition of HBPin 
under the employed conditions. 
 Similarly, catalytic hydrosilylation of pyridine with 2.5 mol-% of 5 is possible, but is slow 
and does not go to completion. Upon addition of 5 to a mixture of pyridine and PhSiH3 at room 
temperature, [LMg(py)2(1,2-dhp)] 11, is formed immediately, which is also the kinetic product in 
stoichiometric reactions of 5 with excess pyridine (vide supra). More forcing conditions are needed 
to achieve any catalytic conversion. After 48 hours at 80°C, only ca. 52% of pyridine has been 
transformed into a dihydropyridide species with [(1,4-dhp)2PhSiH] being the main product, though 
the exact product distribution is unknown, as [(1,4-dhp)2PhSiH], [(1,2-dhp)2PhSiH] and [(1,4-
dhp)(1,2-dhp)PhSiH] are all formed alongside each ot er showing overlapping 1H NMR 




The proposed mechanism for the catalytic hydroboration and hydrosilylation of ketones for several 
previously reported systems often follows a general insertion/σ-bond metathesis cycle,[10,23] 
although other possibilities remain. In order to shed light on the mechanism using the 
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phosphinoamide magnesium complexes reported herein (1, 5, and 8), and the quest to identify the 
possible active species, we performed some stoichiometric reactions to assess the feasibility of 
individual steps for this mechanism. Complex 5 reacts rapidly with 2-adamantanone to give the 
insertion product [(L2Mg2(2-AdOH)2(2-AdO)] 14 as previously stated. Similarly, 5 reacts readily 
with benzophenone in a hydromagnesiation reaction, as judged by in situ 1H NMR spectroscopic 
data. No well-defined products could be isolated from the latter reaction mixtures, and the formed 
complexes likely depend on the Mg:Ph2CO ratio including coordination of unreacted 
benzophenone. These findings support that C=O insert on into the MgH moiety could be the first 
step in the catalytic cycle. 
 The reaction of [(LMgH)4] 5 with HBpin alone in deuterated benzene is very slow, and the 
starting materials remain largely unreacted for a few days, though some LBpin 15 is produced 
eventually, and later other compounds including LH.Although a large excess of HBpin is typically 
used in catalytic studies, reactions of [(LMgH)4] 5 with unsaturated substrates such as ketones were 
found to be very rapid in comparison. The treatment of complex [(LMgH)4] 5 with PhSiH3 in 
deuterated benzene at elevated temperature in the absence of donor molecules or substrates showed 
no reaction. Complex 5 alone is furthermore stable towards heat in the solid state, in non-
coordinating solvents and towards excess phosphinoami e proligand LH; i.e. no [(L2Mg)2] 1 is 
formed, even at elevated temperatures to our surprie. Furthermore, it does not appear to react at 
room temperature with unsaturated organic molecules lacking good donor atoms. Consequently, the 
ketone addition must play a role in removing L from magnesium and in the formation of 15 and 7, 
respectively. Hydromagnesiation of LMgH units with ketones forms hard alcoholate ligands that 
bind strongly to hard Mg2+ ions, likely labilising the Mg-phosphinoamide bonds and inducing 
ligand exchange processes. Additionally, the excess of unreacted ketone can act as additional donor 
molecules and presumably induce equilibria similar to those found when [(LMgH)4] 5 is dissolved 
in THF, see the previous section and Figure S21-22. This is also illustrated by ligand 
rearrangements in the molecular structure of [(L2MgH2Mg(PMDETA)] 8 compared with compound 
5. Given the highly symmetrical solution NMR spectra found for [(L2Mg)2] 1 that suggest flexible 
solution dynamics, vide supra, we also reacted this compound with four equivalents of HBPin and 
found that it reacted rapidly at room temperature to form LBPin 15 (Figure S49-51). By 
implication, freshly generated "MgH2" may be the by-product though this could not be 
spectroscopically verified. A broad resonance at ca. 1.5 ppm in the 1H NMR spectrum (Figure S49) 
could be attributed to a new reactive species. The fast ligand-loss from 1 when treated with HBPin, 
especially compared to the very slow reaction of 5 with HBPin, and the fact that the 
phosphinoamide ligands in our catalytic studies of 5 and 8 eventually end up in 7 or 15, made us 
test [(L2Mg)2] 1 as a catalyst which yielded the equally best results. 
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 Next, we treated complex [(L2Mg2(2-AdOH)2(2-AdO)] 14 with 2.5 equivalents of HBPin or 
PhSiH3 to investigate whether our ketone insertion product can easily undergo σ-bond metathesis 
with each hydride source. Compound 14 and HBPin react instantaneously to give the borate es r 
2-Ad(H)OBPin and LBPin 15 and the resonances of the starting materials have completely vanished 
from multinuclear NMR spectra of the reaction mixtures. The fate of the Mg moiety is unknown 
and NMR spectroscopic experiments suggest that the magnesium hydride complex 5 is not 
reformed in detectable quantities after release of the hydroborated product (vide supra). A reaction 
of complex 14 with PhSiH3 at room temperature was not observed. However, within several 
minutes at 70°C, complex 14 is consumed, alkoxysilanes form, and the phosphinoamide groups are 
present as PhSiH2L 7. The rapid formation of Ad(H)OBPin from 14 at room temperature when 
treated with pinacolborane, and the comparable reaction of 14 with phenylsilane at elevated 
temperature gives credibility to a general insertion/σ-bond metathesis mechanism. Importantly, the 
conditions and reaction rates of the σ-bond metathesis of the alcoholate complex 14 with the 
hydride source (HBpin or PhSiH3) correlate with the best observed catalysis conditions of the 
respective reaction and thus may correspond to the rate determining step in the mechanism. 
 The stoichiometric chemistry reported in the previous sections already shows several 
possibilities such as donor-induced (THF, PMDETA) rear angements and redistributions. Catalytic 
reactions with an excess of unsaturated organic substrates (e.g. ketones, pyridines) possessing good 
donor atoms (O, N), likely induce a series of equilibria to generate compounds of the type 
"LgenMg(Do)nH" A, see Scheme 4, equation (1), that could be active atalytic species. The ligand, 
Lgen-, can be any general monoanionic ligand that is likely to exist in these reaction mixtures such as 
L-, R2CHO
- (from direct hydromagnesiations) and/or H-. The donor species (Do) can be neutral 
donor groups such as R3P (from L
-), the large excess of substrates such as ketones (r pyridines) 
under catalytic regimes, and even the generated reaction products (e.g. PhSiH(OR)2). Depending on 
the donor properties and concentrations, several aggregates can be present in solution. As 
previously observed for example by dissolving [(LMgH)4] 5 in THF, Schlenk-like equilibria with 
numerous redistribution possibilities (formulated in a simplified form as equation (2)), could rapidly 
form donor-stabilised and soluble MgH2 complexes such as B. That these equilibria are important 
may be supported by the fact that both [(L2Mg)2] 1 and [(L2MgH2Mg(PMDETA)] 8 performed 
equally well as [(LMgH)4] 5 in catalytic hydroborations and hydrosilylations of ketones. Complex 8
is a donor adduct of 5 and appears to have the potentially active complex [(PMDETA)MgH2] 
preorganised in its molecular structure (see Figure 3): only a long Mg-P coordination bond and two 
bridging hydride-Mg contacts have to be invested to release an L2Mg fragment and form 
[(PMDETA)MgH2], which may be aided by additional present donor molecules. The more 
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sterically shielded and chemically robust complex [L2L'2Mg4H4] 9 was a significantly less effective 
(pre-) catalyst for comparison. 
 All these considerations lead to a range of Mg complex possibilities with various donors and 
monoanionic ligands, Lgen. Because the phosphinoamide moiety L- is bound to boron or silicon as 7 
or 15 at the end of the reaction and [(LMgH)4] 5 does not rapidly react with the stoichiometric 
hydride sources EH (E = BPin, PhSiH2), a more active magnesium complex, simplified as 
[LgenMg(Do)nL], likely reacts with EH to form a magnesium hydride complex C and the final 
phosphinoamide species 7 or 15, respectively (see scheme 4, A, equation (3)). This key step is 
further supported by the rapid reaction of [(L2Mg)2] 1 with HBpin to generate 15 and likely an 
active "MgH2" complex (e.g. B) in a similar fashion to equation (3). Therefore, the catalytic 
properties of [(L2Mg)2] 1 may be approaching those of freshly generated and solubilised "MgH2". 
Ligand exchange reactions of species such as A-C and coordination and aggregation processes 
would further allow access to a large number of possible active complexes present in actual reaction 
mixtures of catalytic preparations. 
 
 please insert Scheme 4 (A + B) here 
 
 These active catalysts likely undergo the hydrometallation/σ-bond metathesis cycle 
previously proposed for other systems (see scheme 4, B), which has support from our stoichiometric 
investigations: both the hydrometallation and the σ-bond metathesis steps are possible and show the 
appropriate rates under the respective conditions. At this stage, we cannot discount other 
mechanistic possibilities though, and evidence for slightly different mechanistic pathways have 
been forthcoming for related zinc and calcium system . In comparison, it has been found that 
hydrosilylations of carbonyl complexes can already be successfully catalysed at room temperature 
for a series of heteroleptic, ligand-stabilised zinc hydride complexes.[25,26] For one of these 
examples, an associative mechanism with a silane/zinc hydride adduct as the active species has 
been proposed.[26e] For β-diketiminato calcium hydride catalysed ketone hydrosilylations, a 
concerted mechanism via a hypercoordinated hydridosilicate species was suggested.[10,13d] Also, a 
simple hydroboration or hydrosilylation mechanism on a Lewis acid activated ketone cannot be 




We have presented the synthesis and interconversion of a series of magnesium(II) complexes 
bearing the sterically demanding phosphinoamide ligand Ph2PNDip
-, L-. Reactions of LH with 
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Mg(nBu)2 afforded the complexes [(L2Mg)2] 1 and [L3Mg2(nBu)] 2, and reactions with added 
PhSiH3 at elevated temperatures yielded the hydride complexes [{L2Mg2(nBu)H}2] 4 and 
[(LMgH)4] 5, as well as the hexamer [(LMgH)6] 6. Complex [(LMgH)4] 5 was studied for its 
stoichiometric reactivity and afforded the MgH-complex derivatives [(L2MgH2Mg(PMDETA)] 8 
and [L2L'2Mg4H4] 9 (L' = DipNP(N3Ad)Ph2), the latter obtained by AdN3 transformation of two 
phosphinoamides with AdN3 into phosphazide ligands. Several complexes have an overall ring 
shape such as 4, 5, 6, and 9, and the solid state structures are dominated by bridging as well as 
terminal phosphinoamide ligands. Both head/head and hea /tail phosphinoamide orientations have 
been found in aggregated complexes. Solution studies generally revealed symmetric geometries 
indicating flexible phosphinoamide coordination, with the exception of the n-butyl-bridged 
complexes [L3Mg2(nBu)] 2 and [{L2Mg2(nBu)H}2] 4 which show retention of the overall solid state 
geometries and partially suppressed ligand exchange processes. 
 Further stoichiometric reactivity of [(LMgH)4] 5 with pyridines yielded an example of 
selective generation of a 1,2 versus a 1,4 hydromagnesiation product with pyridine. The complexes 
[L2Mg(dmap)2] 10, [LMg(py)2(1,2-dhp)] 11 (1,2-dhp = 1,2-dihydropyridide), [LMg(dmap)2(1,2-
dadhp)] 12 (1,2-dadhp = 4-dimethylamino-1,2-dihydropyridide), and [LMg(py)2(1,4-dhp)] 13 are 
described. [(LMgH)4] 5 was found to rapidly hydromagnesiate ketones and afforded, for example, 
the alcoholate complex [(L2Mg2(2-AdOH)2(2-AdO)] 14 (2-AdO = 2-adamantanone). 
 Extending the study to catalytic transformations revealed that complexes [(L2Mg)2] 1, 
[(LMgH)4] 5 and [(L2MgH2Mg(PMDETA)] 8 are highly active precatalysts for the hydroboratin of 
ketones at room temperature with very low catalyst loadings. Respective ketone hydrosilylations 
can also be achieved rapidly at elevated temperaturs. The sterically more shielded complex 
[L2L'2Mg4H4] 9 shows a much lower stoichiometric reactivity and was a poorer catalyst. For 
example, the reaction of pinacolborane with 2-adamantanone catalysed by complexes 1 and 8 is 
rapid at room temperature with a turnover frequency of > 8,485 h-1 per Mg centre (> 16,970 h-1 per 
molecule). The hydrosilylation of 2-adamantanone with phenylsilane catalysed by complexes 1 and 
8 proceeds in about 15 minutes at 70°C, with a turnover frequency of 132 h-1. Also, catalytic 
hydroboration and hydrosilylation of pyridine was possible, but required elevated temperatures, 
long reaction times, and only provided partial conversion. Our studies suggest that complexes 1, 5 
and 8 are precursors to the active catalysts in these sytems and likely generate highly active MgH-
complexes in-situ. The results are supportive of an insertion/σ-bond metathesis-type mechanism for 
the hydroelementation of ketones with the σ-bond metathesis step likely being rate-determining. 
Catalytic reactions of [(L2Mg)2] 1 with hydride sources such as HBPin may represent those of 
freshly generated, highly active and soluble, parent "MgH2", and will likely find further applications 
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Scheme 1.  Synthesis of complexes 1, 2, 4 and 5. i) 0.5 Mg(nBu)2, toluene, r.t.; ii) Mg(nBu)2, 
toluene, r.t. ; iii) Mg(nBu)2, PhSiH3, n-hexane, 60°C; iv) Mg(nBu)2, PhSiH3, toluene, 70°C; v), vi) 





Figure 1.  Molecular structures of 1-3 (30% thermal ellipsoids). Lattice solvent molecules and 
hydrogen atoms omitted, except ethyl hydrogens on full molecule 3. Selected bond lengths [Å] and 
angles [°]: 1: P(1)-N(1) 1.6770(12), P(2)-N(2) 1.6904(13), P(1)-Mg(1) 2.6318(7), P(2)-Mg(1) 
2.9212(7), N(1)-Mg(1)' 2.0008(12); N(2)-Mg(1)-N(1)' 132.48(5), N(2)-Mg(1)-P(1) 117.77(4), 
N(1)'-Mg(1)-P(1) 109.68(4). 2: P(1)-N(1) 1.6618(12), P(2)-N(2) 1.6731(11), P(3)-N(3) 1.6920(12), 
P(1)-Mg(2) 2.9492(11), P(2)-Mg(2) 2.6910(8), P(3)-Mg(2) 3.0095(10), Mg(2)-N(3) 1.9829(12), 
Mg(1)-N(1) 1.9938(12), Mg(1)-N(2) 2.0191(12), Mg(1)-C(1) 2.2446(17), Mg(2)-C(1) 2.2583(16); 
N(3)-Mg(2)-C(1) 122.81(6), N(3)-Mg(2)-P(2) 121.81(4), C(1)-Mg(2)-P(2) 94.77(5), N(3)-Mg(2)-
P(1) 120.69(4), C(1)-Mg(2)-P(1) 87.90(5), P(2)-Mg(2)-P(1) 101.30(3), N(1)-Mg(1)-N(2) 125.51(6), 
N(1)-Mg(1)-C(1) 104.52(6), N(2)-Mg(1)-C(1) 117.26(5). 3: P(1)-N(1) 1.668(3), P(2)-N(2) 
1.648(3), P(1)-Mg(2) 2.7971(15), Mg(1)-P(2) 2.6786(14), Mg(1)-N(1) 2.030(3), Mg(2)-N(2) 
2.044(3), Mg(1)-C(49) 2.277(3), Mg(2)-C(49) 2.290(3), Mg(2)-C(51) 2.203(3), C(51)-Mg(1)' 
2.400(3); N(1)-Mg(1)-P(2) 113.77(9), N(2)-Mg(2)-C(51) 117.89(12), N(2)-Mg(2)-P(1) 108.61(9), 





Figure 2.  Molecular structures of magnesium hydride species 4-6 and 8 (30% thermal ellipsoids). 
Lattice solvent molecules and hydrogen atoms omitted, except hydride ligands. Selected bond 
lengths [Å] and angles [°]: 4: P(1)-N(1) 1.6621(13), P(2)-N(2) 1.6630(12), P(1)-Mg(2)' 2.6609(7), 
P(1)-Mg(1) 3.0509(8), Mg(1)-P(2) 2.9555(7), P(2)-Mg(2) 2.6841(9), Mg(2)-P(1)' 2.6609(7), 
Mg(1)-N(1) 2.0155(13), Mg(1)-N(2) 2.0275(13), Mg(1)-C(49) 2.2668(17), Mg(2)-C(49) 
2.2500(16), Mg(2)-C(50) 2.7718(19), Mg(1)-H(1) 1.96(2), Mg(2)-H(1) 1.98(2), Mg(2)'-H(1) 
1.92(2); N(1)-Mg(1)-N(2) 132.79(5), N(1)-Mg(1)-C(49) 112.74(6), N(2)-Mg(1)-C(49) 111.70(6), 
N(1)-Mg(1)-H(1) 99.8(6), N(2)-Mg(1)-H(1) 95.8(6), C(49)-Mg(1)-H(1) 89.4(6), P(1)'-Mg(2)-P(2) 
110.18(2), C(49)-Mg(2)-H(1) 89.3(6), P(1)'-Mg(2)-H(1) 133.4(6), P(2)-Mg(2)-H(1) 79.5(6). 5: 
P(1)-N(1) 1.6532(11), P(2)-N(2) 1.6507(10), P(3)-N(3) 1.6458(12), P(4)-N(4) 1.6529(11), P(1)-
Mg(2) 2.6074(10), Mg(1)-P(4) 2.6094(9), P(2)-Mg(3) 2.6137(8), P(3)-Mg(4) 2.6422(9), Mg(1)-
N(1) 2.0029(12), Mg(2)-N(2) 2.0117(13), Mg(3)-N(3) 2.0036(11), Mg(4)-N(4) 2.0197(12), Mg(1)-
H(1) 1.770(19), Mg(1)-H(4) 1.84(2), Mg(2)-H(1) 1.825(19), Mg(2)-H(2) 1.762(19), Mg(3)-H(2) 
1.842(19), Mg(3)-H(3) 1.822(19), Mg(4)-H(3) 1.811(19), Mg(4)-H(4) 1.83(2), Mg···Mg 3.02 (ave, 
nearest); N(1)-Mg(1)-P(4) 145.53(4), Mg-H-Mg ca. 113 (ave). 6: P(1)-N(1) 1.6553(17), P(1)-
Mg(1)' 2.6351(8), Mg(1)-N(1) 2.0210(16), Mg(1)-H(1) .92(2), Mg(1)-H(1) 1.98(2), Mg···Mg 3.24 
(nearest); N(1)-Mg(1)-P(1)' 122.16(5), Mg-H-Mg ca. 113. 8: P(1)-N(1) 1.6674(18), P(2)-N(2) 
 25 
1.6713(17), P(1)-Mg(2) 2.7853(11), Mg(1)-N(2) 2.0428(18), Mg(1)-N(1) 2.0887(18), Mg(1)-H(1) 
1.82(3), Mg(1)-H(2) 1.91(3), Mg(2)-H(1) 1.90(3), Mg(2)-H(2) 1.96(3), Mg(2)-N(4) 2.224(2), 
Mg(2)-N(3) 2.270(2), Mg(2)-N(5) 2.375(2); N(2)-Mg(1)-N(1) 134.61(7), N(4)-Mg(2)-P(1) 








Figure 3.  Molecular structure of 9 (30% thermal ellipsoids). Lattice solvent molecules and 
hydrogen atoms omitted, except hydride ligands. Only the main disordered parts of the adamantyl 
groups are shown. Selected bond lengths [Å] and angles [°]: P(1)-N(1) 1.6056(15), P(1)-N(2) 
1.6495(15), P(2)-N(5) 1.6656(14), P(3)-N(6) 1.6588(15), P(4)-N(7) 1.6032(15), P(4)-N(8) 
1.6501(16), N(2)-N(3) 1.366(2), N(3)-N(4) 1.268(2), N(8)-N(9) 1.365(2), N(9)-N(10) 1.267(2), 
 26 
Mg(1)-N(4) 2.2072(16), Mg(1)-N(10) 2.2274(17), Mg(1)-N(8) 2.2662(17), Mg(1)-N(2) 2.2700(16), 
Mg(3)-N(6) 2.0660(15), Mg(3)-N(5) 2.0675(16), Mg(4)-N(7) 2.0546(16), N(1)-Mg(2) 2.0549(15), 
P(2)-Mg(2) 2.6863(8), P(3)-Mg(4) 2.6775(8), Mg(1)-H(1) 1.88(2), Mg(1)-H(4) 1.88(2), Mg(2)-
H(1) 1.81(2), Mg(2)-H(2) 1.79(2), Mg(3)-H(2) 1.85(2), Mg(3)-H(3) 1.87(2), Mg(4)-H(3) 1.84(2), 
Mg(4)-H(4) 1.78(2) (or: Mg-H: 1.78(2)-1.88(2)); N(8)-Mg(1)-N(2) 170.52(6), N(6)-Mg(3)-N(5) 





Scheme 3.  Stoichiometric reactivity of 5 with pyridines. i) 4 DMAP, toluene, 60°C; ii) 12 pyridine 





Figure 4.  Molecular structure of 12 (30% thermal ellipsoids). A second, severely disordered 
molecule, lattice solvent and hydrogen atoms omitted, except hydrogens on the 1,2-dihydropyridide 
ligand. Selected bond lengths [Å] and angles [°]: P(1)-N(1) 1.6845(14), Mg(1)-N(2) 2.0198(16), 
Mg(1)-N(1) 2.0320(15), Mg(1)-N(4) 2.1279(15), Mg(1)-N(6) 2.1309(17), N(2)-C(25) 1.438(2), 
C(25)-C(26) 1.449(2), C(26)-C(27) 1.372(2), C(27)-C(28) 1.424(2), C(28)-C(29) 1.375(2), N(2)-





Figure 5  Chemical drawing of [(L2Mg2(2-AdOH)2(2-AdO)] 14. For an image from a crystal 
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Scheme 4.  A: Possible precatalyst activation reactions (1) - (3), simplified; B: Proposed simplified 
catalytic cycles for the hydroelementation of ketons with precatalyst 1, 5 or 8. n, m, x and y are 
small natural numbers, Lgen- = monoanionic ligand such as L-, R2CHO
-, H- etc, Do = (neutral) donor 
group, such as R3P (from L
-), substrates such as ketones, reaction products, R = organic substituent, 






















TOF [h -1]c Main 
productd 
1 0.05, 5 2-adamantanone HBPin 25 < 7 min > 99 > 4,243 R’BPin 
2 0.05, 5 benzophenone HBPin 25 15 min 88 1,760 RBPin 
3 0.5, 5 benzophenone HBPin 25 < 7 min > 99 > 424 RBPin 
4 0.05, 8 2-adamantanone HBPin 25 < 7 min > 99 > 8,486 R’BPin 
5 0.05, 9 2-adamantanone HBPin 25 130 min 84 194 R’BPin 
6 0.05 1 2-adamantanone HBPin 25 < 7 min > 99 > 8,486 R’BPin 
7 1.5, 5 2-adamantanone PhSiH3 70 15 min > 99
e 66 R’2Si(H)Ph 
8 1.5, 5 benzophenone PhSiH3 70 50 hours 93 0.31 R2Si(H)Ph 
9 1.5, 8 2-adamantanone PhSiH3 70 15 min > 99
e 132 R’2Si(H)Ph 
10 1.5, 1 2-adamantanone PhSiH3 70 15 min > 99
e 132 R’2Si(H)Ph 
11 1.5, 5 2-adamantanone Ph2SiH2 80 15 hours < 3 - - 
a) based on full molecules 1, 5, 8 or 9; for 1 and 8 two times higher per Mg centre; for 5 and 9 four times higher per Mg 
centre; b) reaction was monitored via 1H NMR spectroscopy and conversion yields were determined by integration of 
the proton on the former carbonyl-C atom against an internal standard, c) calculated per Mg centre; TOF are double for 
molecules 1 and 8, and four times the value for molecules 5 and 9; d) > 90% of total products, R = Ph2C(H)O
-, R’ = 2-
adamantanolate; e) hydrosilylations of 2-adamantanone produced a small quantity of a white precipitate t elevated 
temperatures after longer reaction times than given that appears to reduce the measured conversion in solution likely 
due to R’3SiPh product precipitation. 
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